used a unique interdisciplinary approach that tran-
Figure 1. Geographical and Hydrographical Settings
River basins of Walawe Ganga, Kuchchigal Ara, Urubokka Oya, Kirama Oya, and their tributaries, with indication of the main irrigation channels originating from the Udawalawe Scheme. For map composition details, please refer to the Study Sites section of the Experimental Procedures in the text. Particularly in the lower topographic areas (0-152 m), a complex network of paddy and chena fields in between the rivers and the irrigation canals connects the different catchments (e.g., shaded area; see cover photograph of this issue of Current Biology). The following reservoir or tank (T) abbreviations were used: Ha, Habaralu; Ki, Kirama; Ma, Mahagama; Mu, Muruthawela; Pa, Pattiyapola; and Ud, Udukiriwala.
scends the sciences and combines disciplines from the sociates and minor mangrove vegetation elements. These changes will also have an impact on ethnobiobasic and applied sciences (biological and vegetation sciences, geosciences) with disciplines from the social logical relationships. Remote sensing, ground-truthing data, and informaand human sciences (socioeconomic surveys, archive research). The main finding of the study is that increase tion obtained from local informants show major transitions in spatial extent, structure, and species composiof freshwater flow to these lagoons has led to a quantitative increase in mangrove forest areas, which is tion of mangrove vegetation, in faunal elements, and in subsistence livelihoods in three southern Sri Lanka masking a disastrous qualitative shift from typical vulnerable mangrove species to eurytopic mangrove aslagoons: Rekawa, Kahandamodara or Tillawatawana, Table 1 ). Moreover, it is observed that the area of increased mangrove the Experimental Procedures). These transitions are the result of upstream hydrological changes in the Walawe cover in each lagoon is dominated by a particular species or species assemblage. Previously dominant manGanga, and they exceed those modeled [14] as possible effects of the Udawalawe Scheme. The three lagrove species may have been displaced or disproportioned, as evidenced by the calculation of areas of goons differ in hydrographical complexity, but all have originally received freshwater runoffs of between 220 mangroves that had disappeared, increased, or remained unchanged (Table 1) . Only the mangrove assoand 400 × 10 6 m 3 y −1 . The cartographic and written archives of the Dutch East India Company reveal that Sri ciate Acrostichum aureum L. in Kahandamodara (+59%), and only Sonneratia caseolaris (L.) Engler, which is Lankan lagoons displayed a natural variability [15, 16] . They also show that fresh water, natural salt formation, adapted to freshwater conditions, increased in Kalametiya (+2989%). The increased areas in Rekawa laand salt pans, indicators of salinity, were present at the time [16] (Figures 2A and 2B ) and that the lagoons and goon are dominated by Avicennia marina (Forsk.) Vierh., Avicennia officinalis L., Aegiceras corniculatum rivers have been in their present place for over 300 years ( Figures 2C-2E) .
(L.) Blanco, and Excoecaria agallocha L. (+196%), or by a mixture of Avicennia marina, Excoecaria agallocha, Comparison of maps from 1956 and 1994 clearly shows that over 38 years, the area of "mangrove,"
and Lumnitzera racemosa Willd. (+4% Mixed mangrove, Figure 3) . Most of these species are adapted to which includes major, minor, and associate species, according to the Forest Department [17] , displayed behigh salinity conditions. Mangrove formations are spatiotemporally dynamic tween 24% and 550% net increase in mangrove area, Table 1 Rekawa, Kahandamodara, and Kalametiya Lagoons in areas surrounding the mangrove in each lagoon indi-(+196%, +59%, and +550%) have favored species that cates that the extent of agricultural lands and settleare considered mangrove associates (e.g., the herbaments has increased from 1956 to 1994. This undoubtceous mangrove fern Acrostichum aureum) that are edly leads to an increased impact and reliance on either adapted to low salinity conditions or euryhaline mangrove resources in view of common utilization pat-(e.g., Sonneratia caseolaris, Avicennia officinalis, and terns [25] , although there are no data to corroborate A. marina) or that are tolerant to disturbance (e.g., Exthis for these particular sites. Also, the report of incoecaria agallocha) [32] . Members of the Rhizophoracreased fragmentation of the mangrove areas along the ceae did not expand significantly or were reduced in coast in Sri Lanka [26] scribed by these authors [45] . Visualization of PCQM data through may lead to a localized repositioning of the mouth just before they GIS-based overlay analysis was a possible way to link the field data discharge into the sea. A branch of the Kirama Oya, the major to the remotely sensed imagery [21, 47] . Also, the plot density data freshwater inflow of Rekawa Lagoon, forms a rather complex netand construction of intertidal profile diagrams were used to verify work of channels before connecting to the mouth and the inflowspecies dominance in each assemblage and to ground-truth the outflow canal. A mixed mangrove belt of a varying thickness fringes vegetation maps. In addition, all delineated vegetation assemthis network of channels, the inflow-outflow canal, and the lagoon. blages and land-use classes were visited in the field. Values of relaThe joining of Urubokka Oya, the major freshwater inflow, with tive density, relative dominance, and relative frequency of each three short channels makes up Kahandamodara Lagoon, the smallconstituent species were calculated and used to characterize and est of the three estuarine lagoons. It forms a small water body with label the assemblages. a narrow mouth that opens to the ocean, but this connection is also not continuous. Mixed mangroves and mangrove associates Socioeconomic Survey predominantly cover small islands and banks of the canals.
People who were older than 55 years of age, had been living adjaKalametiya Lagoon has the largest surface area, but more than cent to the lagoons all their lives, and had been involved in lagoon-75% of the lagoon is shallow (<0.5 m) and covered with marsh related activities were interviewed. As reported for Kalametiya [30] , vegetation. Only the lagoon mouth contains open water, to about the numbers of people that correspond to these criteria were unfor-1.5 m in depth. The freshwater inflow to the lagoon is the Kuchchitunately limited (n = 5 or 6 for each of the lagoons). The respongal Ara, which receives freshwater influx from paddy fields updents, aged between 55 and 84 years, provided the type of inforstream (see cover photograph of this issue). Mangroves of the Kamation we were seeking with respect to changes in water quality lametiya Lagoon cover a considerable portion of the shallow area and use, mangrove flora and fauna, fisheries (catch quantity and of the lagoon and part of the seaward bank. quality, fishermen family demography), and connection between There was no single detailed map available of the river basins of the lagoon and the ocean. Walawe Ganga, Kuchchigal Ara, Urubokka Oya, Kirama Oya, and their tributaries with indication of the main irrigation channels originating from the Udawalawe Scheme. Therefore, we compiled a The tsunami disaster on December 26, 2004 affected our mangrove sites and many people we know; we feel that the antierosion function of mangroves has been paid too little attention. For years, we, together with many other scientists, have critically assessed and criticized the conversion of mangroves to tourist resorts or shrimp farms in light of the ecological, socioeconomic, and physical function of these forests. An early warning system to announce the arrival of tsunamis or other ocean surges (let us not forget that the much more frequent cyclones locally have the same effect) can save many lives, but an additional early warning system such as the one introduced in this paper to detect obvious or cryptic mangrove degradation may even save more in those areas where mangroves protect communities living behind and within the mangrove forest. We dedicate this paper to all those who were affected by the tsunami, particularly those who, were it not for inappropriate land management, could have been helped by mangroves.
Hydrological Calculations
Q W (t 0 ) − Q W (t 1 ) ≈ E UWS + ∑ i=1 3 RF i(
